Abstract
Introduction

29
If the scientific community were collectively to select an unambiguous indicator of climate change, the long-30 term decline in the average annual extent of Arctic sea ice (SIE) would undoubtedly be among the most widely 31 proposed. This is not just because of the extreme levels of social concern that this topic generates (IPCC, 32 2013) in view of all the considerable environmental implications, but also because the scientific complexity 33 of this field of study covers a very broad spectrum of disciplines. These range from atmospheric and oceanic 34 sciences related to the origins and processes of the sea ice, to marine biology and even economics and energy 35 resources (IPCC, 2013) , all related to the study of the consequences of any change.
37
One of the most influential atmospheric mechanisms affecting the Arctic SIE, and one which has received the 38 most attention, is the transport of moisture from mid-latitudes. A number of authors (e.g., Dufour et al, 2016;  turn contributes to increased melting of the ice, but also in that it can contribute to a change in the patterns of 44 rainfall over the Arctic.
46
The first of these two effects has undoubtedly attracted more attention of late. More moisture transport into 47 the Arctic may induce anomalous long-wave downward radiation at the surface, warming of the atmospheric 48 column, and a decrease in Arctic ice (e.g., Woods and Caballero, 2016) . At a seasonal scale, Kapsch et al. 49 (2013) showed a greater transport of humidity towards the Arctic in the winter and the preceding spring (in 50 those years when there is a low concentration of sea ice in the Arctic in summer). Much attention has also 51 been focused on the role of extreme moisture transport events, both in winter (e.g., Woods et al, 2013; Park et 52 al., 2015) and spring (e.g., Yang and Magnusdottir, 2017) , with similar conclusions in both cases that extreme 53 events are accompanied by a reduction in the concentration of sea ice.
55
The second effect occurs via the impact of changes in moisture transport in Arctic precipitation and is more 56 complex because changes in precipitation can cause different changes in ice cover associated with different 57 fusion mechanisms depending on the form of precipitation (rain or snow), as well as its intensity and 58 seasonality (Vihma, 2016) .
60
In our previous work (Gimeno-Sotelo et al, 2018) we addressed the changes in patterns of MTP linked to the 61 annual mean decline by comparing two periods (before vs. after the major change point in 2003). However, 62 some substantial high-frequency interannual fluctuations are also superimposed on this negative trend, and 63 these modulate the annual observations of SIE, but have attracted less attention. Addionally, to our knowledge 64 the role of extreme MTP events on the daily march of SIE has never been analysed.
66
In this article we complement our previous study by i) focusing on the pattern of MTP linked to high-frequency 67 interannual variability as characterized by years with low / high SIE set against its long-term decline and ii) 
Data and Methods
74
The Arctic region (AR) and its four main sources of moisture (Figure 1a) , and the Arctic Ocean (AO) and its 75 sub-regions (Figure 1b) , are the same as used in our previous study (Gimeno-Sotelo 2018) . The boundary of 76 the AR was defined by Roberts et al. (2010) , and the moisture sources were defined by Vazquez et al (2016) .
77
The study covers the period from January 1, 1980 to December 31, 2016, and the daily data on the Arctic SIE 78 were obtained from the USA National Snow and Ice Data Center (Fetterer, 2016 
81
This reanalysis contains data since 1979 at six-hour intervals with a spatial resolution of 1 ° x 1 ° in latitude 82 and longitude with 61 vertical levels (1000 to 0.1 hPa). It is considered to be the reanalysis that best represents 83 the hydrological cycle (Lorenz and Kunstmann, 2012) , being particularly useful for studies of the Arctic region 84 (Jakobson et al., 2012; Graversen et al., 2011) .
86
The Lagrangian approach used to calculate the MTP is that used by Stohl and James 2004; 2005 , based on the 87 FLEXPART particle dispersion model in which the atmosphere is divided in finite elements of volume of 88 equal mass, which we call particles, and their trajectory is traced for a period of ten days, normally used as 89 the average time that water vapour rewides in the troposphere (Numaguti, 1999) . The specific moisture 90 changes of the particles are used to estimate the total budget of atmospheric humidity, or Evaporation minus
91
Precipitation (E-P), by adding up all these changes in specific humidity for all the particles in a given area.
92
By choosing all the particles that a) leave a given source region, b) reach the AR, and c) lose humidity in the 93 AR, we can calculate the MTP from the source region to the AR for a given daily, monthly, or yearly time 94 scale by adding these losses of specific humidity for all these particles. This Lagrangian method has been used 95 extensively and successfully in the analysis of moisture sources and sinks (e.g., Gimeno et al., 2010; the Barents, and all four sources contribute to the central Arctic (Vázquez et al., 2016) . (Table S1 ).
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